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NOTES ON NEW ENGLAND ORCHIDS,—II. 
THE MYCORRHIZ7A OF GOODYERA PUBESCENS. 


Oakes AMES. 


(Plates 135 and 136.) 


Tw a recent paper, entitled Nonsymbiotic germination of Orchid 
Seeds, Lewis Knudson! has published the results of experiments in 
which he successfully raised seedlings of Cattleya and Laelia on media 
from which fungi had been excluded. He proved conclusively that 
germination of the orchid seeds selected for investigation is not de- 
pendent on the invasion of the embryo by a supposedly symbiotic 
fungal organism, if assimilable food is available. He concluded 
that germination is a matter of nutrition. It is not necessarily in- 
duced by the activities of a fungus. In summing up the results of 
his experiments he states that the necessity of a fungus for bringing 
about germination has not yet been conclusively proved, but he does 
not touch on conditions that seem to benormal among orchids under 
natural surroundings; in other words, he does not tell us whether 
germination is possible under natural conditions if the fungus is ex- 
cluded, and this, it seems to me, is the focal point of the whole 
orchid mycorrhiza problem. 

Although highly interesting from the point of view of laboratory 
experiments and the possible economic application of the methods 
employed, it is worthy of note that Knudson’s results do not help us 
to explain the conditions that prevail in nature; his results simply 


1 Bot. Gaz. Ixxiii. (1922) 1. 
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demonstrate that nonsymbiotic germination is possible if by artificial 
means seeds are supglied with essential food materials in an available 
form. 

Under natural conditions orchids behave in a manner that seems 
to indicate that the dependence on symbiosis, of a kind, is prevalent. 
Even under the artificial conditions, that characterize horticultural 
enterprises, there are indications that symbiosis is essential for success- 
ful germination, unless methods such as Knudson described are adopt- 
ed. 

Many years have passed since my interests were centred in the rais- 
ing of orchid species and hybrids, but it is clear in my memory that 
seeds sown at the base of a luxuriant orchid plant on a substratum 
that had become thoroughly settled, gave better promise of germin- 
ation than those sown on sterilized media ia special pots or baskets 
that had been skilfully prepared and kept under exceptionally clean 
conditions. And my memory is clear on still another potat, that a 
neighbor who had enjoyed successful horticuJture in greenhouses that 
would have offended, through their rich growth of thallophytes, the 
carefully trained gardener of a mcdel establishment, raised orchids 
from seed with uncanny success and inexplicable regularity. When 
I first read the classic paper which Jinked Noél Bernard’s name indi- 
solubly with symbiosis in the orchids, I imagined that I had at last 
found a very plausible explanation of the results which I had observed 
at home and had studied abroad in the realm of orchids raised from 
seed. 

Under natural conditions I have observed that germinating orchids 
are normally associated with the characteristic fungi of endotrophic 
mycorrhiza. In fact, as a result of my observations, I have been led 
to believe that mycorrhiza are not only influential in germination 
under natural conditions, but that they may have a great deal to do 
with the manner in which orchids arrange themselves on the ground or 
on trees and may account for peculiarities of distribution that are 
well known to collectors in tropical countries and to those systemat- 
ists who work among orchids. As my observations stimulated inter- 
esting conclusions I decided to seek for evidence that would either 
sustain or demolish my theories. 
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The species most satisfactory for prolonged and intensive study 
proved to be our common Rattlesnake Plantain, Goodyera pubescens 
R. Br. (pl. 135). This species is common in New England, is approach- 
able at all seasons of the year and exhibits phenomena that seem to 
indicate something peculiar in its relation to environment. I under- 
took to observe this species through a period of twelve consecutive 
months, my purpose being to follow it from germination of the seed 
to its adult manifestations. 

Goodyera pubescens may well be described as a gregarious species. 
When it is found under eminently favorable circumstances it forms 
thrifty colonies in which the leaves almost conceal the underlying 
humus. Colonies persist for years, and notwithstanding the creeping 
habit of the rhizomes, retain their compactness. I studied the colony 
forming habit very carefully and arrived at the conclusion that it is 
in part to be accounted for by constant replenishment by seedlings. 
I found that in luxuriant colonies there was always an abundance 
of young plants that represented several generations of seedlings, 
and in a paper, published in the Orchid Review’, I stated that the age 
of one of these colonies is not to be estimated by the age of its oldest 
components and that a long-established colony may simply be an 
aggregation of comparatively young plants, its capacity to attain 
great age being a direct result of those phenomena which are associ- 
ated with endotrophic mycorrhiza. 

When the mature capsules dehisce in late summer or autumn many 
of the seeds fall directly to the ground within the confines of the colony 
and are soon washed by the rain or lodged by other means among the 
rhizomes and roots of the parent plants. They lie dormant through 
the winter, and at the beginning of the next growing season germinate 
and may be observed in July or August, of the year following dissem- 
ination, as tiny protocorms’ hardly a millimeter in length (pl. 136, fig. 
1.). At this time the testa of the seed is observable, still adhering to 
the base of the geowing embryo. At first, development is very slow. 
Protocorms devoid of perceptible chlorophyll, without roots or leaves 
may be found in the autumn. In this condition they are able to pass 
through the period of dormancy, and at the beginning of the next 

2 Orch. Rev. xxix. (1921) 106. 

3 This term was used by Treub to designatea young statein Lycopodium, Bernard, 


Ann. Sci. Nat. ser 9, ix. (1909) 9, adopted it for the conical body from which the coty- 
ledon and roots of seedling orchids emerge. 
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season of active growth are in much the same condition as that in 
which they entered on their long winter rest. As active growth begins 
in the spring of the year, roots and leaves develop, (pl. 136, fig. 2) and 
the little plants soon become large enough to take their place in the 
colony and rapidly fill in any gaps that may have been caused by the 
death of older plants or by the creeping apart of their rhizomes. 
Up to the present time I have been unsuccessful in my search for pro- 
tocorms beyond the limits of the colonies, and yet within the colonies 
they are so numerous that the rhizomes, as they elongate, sometimes 
become entangled. 

From these observations I arrived at the conclusion that only those 
seeds which fall within a colony enjoy a bright prospect of successful 
germination. This is true because the mycorrhizal fungi are most 
likely to be present where mature plants are in abundance. Those 
seeds which drift away on air currents or are blown abroad by the 
wind and fall where there is no nidus of the necessary fungus, fail to 
germinate. Otherwise, how account for the colony forming tendency 
of the species and the peculiarities of distribution? 

The protocorms adhere to the roots of mature plants or nestle close 
to the rhizomes beneath the rosettes of leaves, and may be aptly 
compared in their appearance to small white spiders at the centre 
of miniature webs, the webs being the delicate, elongated hair-like 
structures (rhizoids) which radiate in every direction and serve as 
passage ways for the fungal hyphae from the interior of the proto- 
corm to the humus (pl. 136, figs. 1 & 3). 

My investigations indicate that protocorms are more frequent in 
close contact with some part of the mature plants than in the open 
spaces between the rhizomes. That this condition prevails is pretty 
well shown by the position in which young leafy plants are usually 
found, that is, in such close proximity to the rhizomes of older plants 
that they may readily be mistaken for young offshoots. In fact, 
before I was convinced of the correctness of my conclusions with 
regard to the nature and origin of young plants that had developed 
several leaves, I used to suspect that they were really offshoots and 
that in freeing them for study I had broken them away from the point 
of origin on mature rhizomes. 

It is worthy of note that many protocorms are quite free from 
direct contact with the surrounding humus. They may lie suspended 
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by their elongated hairs in the interstices formed by fibrous materials 
and be perfectly free from particles of organic matter and sufficient- 
ly clean to be placed directly without washing, in the killing fluid. 
In other words, the only means of direct contact with the substratum 
in such cases is furnished by the hair-like structures. These are 
rounded at the tip, unicellular, often much longer than the proto- 
corm and produced singly and in tufts from the epidermis. 

The hyphae of the fungus penetrate the delicate walls of the hairs 
(pl. 136, fig. 3) usually at the tip, and enter directly into the humus. 
In the hairs they may sometimes form structures that suggest fruit- 
ing bodies which recall similar structures characteristic of pure cul- 
tures of Rhizoctonia repens Bernard (pl. 136, fig. 4). Similar structures 
may also occur within the body of the protocorm, but as I have only 
observed a single case of this, in a protocorm collected in May 1921, 
it must be exceedingly rare. 

In passing, it may be worth while to suggest that the periodicity 
of flowering often noted in colonies of Goodyera pubescens, and the 
comparative paucity of flower shoots observed in large colonies of 
the species, are to be accounted for by the fact that plants of flower- 
ing age are few in number, the colonies being made up, for the most 
part, of young plants which represent several generations. 

If we examine the foregoing facts in the light of Knudson’s experi- 
ments and observations it becomes evident that there are ‘several 
points which need further elucidation. The questions seem to be: 
What likelihood is there that the seeds of Goodyera pubescens would 
germinate under natural conditions if mycorrhizal fungi were suc- 
cessfully excluded from the embryos? Is the organic matter, where 
the plants grow, in a utilizable condition for embryos that are lodged 
in the humus or suspended above it, or is the embryo incapable of 
development unless the necessary food substances present in the 
humus are changed into assimilable organic compounds by the in- 
tervention of a symbiotic fungal organism? 

I have attempted to show that Goodyera pubescens is a gregarious 
species, that isolated plants are rare, and my observations have indi- 
cated that germination of fertile seeds, while a common event within 
a colony,.is perhaps exceedingly uncommon beyond it. Furthermore, 
I have shown that throughout the early stages of development the 
protocorms of G. pubescens are devoid of chlorophyll and that they 
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may pass the first growing season and the first winter of dormancy 
as rootless, leafless whitish bodies. In this condition I have found 
that they exhibit all the phenomena associated with the presence of 
endotrophic fungi. It is yet to be proved that without the presence 
of the fungus they are able to make use of the soluble organic com- 
pounds that may be found in the surrounding humus. 

The endotrophic fungi of orchid mycorrhiza are made up of closely 
related species. This is clearly demonstrated by an examination of 
pure cultures taken from plants of widely separated orchid genera 
that inhabit different geographical areas. The behavior of the fungus 
within the orchid and the relation of the orchid to the presence of 
the fungus is similar in all the species that I have examined. This 
similarity of behavior and the close structural resemblance that is 
evident among the species of the fungus, indicates a long associ- 
ation between the fungi and orchids. It is pardonable to suppose 
that the present day endotrophic fungi of orchids represent very 
closely what must have been the ancestral form, that is, the form 
which may have had much to do with the evolution of the orchid 
family. This assumption is warranted by the fact that despite the 
vast host of orchid genera and species, there are very few species of 
endotrophic fungi. It is assumed that the fungus has not changed 
much since the alliance with the orchids was formed because it has 
been removed, by its method of life, from those modifying influences 
that effect an organism that is subjected to the ordeal of competi- 
tion. 

The fungus lives in the protocorm, or in the upper cortical tissues 
of roots in adult plants, and is capable of luxuriant development. 
The hyphae do not enter the epidermal cells and are never found in 
the vascular tract. They may pass through the hair-like organs 
already described and are therefore able to carry on the functions of 
the fungus both within and without the body of the protocorm. As 
the fungus passes from one generation of seedlings to another it is 
removed from the necessity for reproduction by spores and perhaps, 
under natural conditions, does not live for any length of time, if at 
all, as an autonomous organism. When in association with orchids 
it is supposed to supply food materials in an available form or to render 
soluble organic compounds assimilable. It surely derives some bene- 
fit for its munificence. In Goodyera pubescens the fungus lives through- 
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out the early stages of development in the protocorm. As the proto- 
corm gives rise to the rhizome, and leaves and roots begin to develop, 
the fungus passes into the cortical cells of the roots. From my obser- 
vations it does not again invade the tissues of the rhizome. In adult 
plants invasion of the roots takes place directly from the humus. All 
the evidence shows that the association is a close one and that both 
fungus and orchid derive some benefit from it. The capacity of both 
organisms to thrive, is, it would seem, a sufficient proof that orchid- 
fungus symbiosis is a well balanced condition. It is true that some 
of the cells occupied by the fungus frequently exhibit large lobed 
nuclei, or that a cell may be occupied by two or more nuclei which are 
formed directly by fragmentation. This may be taken to indicate a 
pathological condition. Nevertheless, the fungus is digested in the 
cells farthest removed from the growing point of the protocorm, in 
tissues that are soon sloughed off as the protocorm elongates (pl. 
136, figs. 5 & 6). 

Reinheimer* would have us believe that the orchid-fungus associa- 
tion is no longer advantageous, although it is possible that in the past 
and under special conditions, the fungi have been more useful to the 
orchids than frequently they are now. If the orchid is capable of 
nonsymbiotic germination as Knudson and Bernard have demon- 
strated by laboratory experiments, and the ever present fungus is 
assumed to be an unnecessary evil in a forced association, sometimes 
even causing the death of the embryo, how are we to reconcile this 
assumption with the evidence that may be turned to prove that the 
orchid family has been eminently successful? The family as at present 
known is one of the largest phanerogamic groups, numbering some 
five hundred and fifty genera and fifteen thousand species. In the 
diversity of floral structure, in the adaptation of the perianth and gy- 
nostemium to pollination by insects, and in the extraordinary modi- 
fication of the vegetative parts to meet the exigencies of terrestrial 
and epiphytal distribution, the orchids are unsurpassed by any other 
plant family. Furthermore the Orchidaceae constitute the predom- 
inant group as to number of species in some of the richest floral 
regions of the globe. In Borneo® and the Philippines, for example, 

4 Symbiosis, A Socio-physiological Study of Evolution (1920). 

5 Merrill in Journ. Sir. Br. Roy As. Soc. Special No. (1921): Orchidaceae 86 gen- 


era, 702 species; Rubiaceae 64 genera, 333 species; Huphorbiaceae 57 genera, 195 
species; Leguminosae 59 genera, 174 species. 
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the orchids outnumber in genera and species such successful families 
as the Rubiaceae, Euphorbiaceae, Leguminosae and Compositae. Is 
it to be supposed that degeneracy, moribund constitution and malad- 
justment are just now apparent in the orchid family, or are just begin- 
ning to make themselves felt, and that the most highly differentiated 
concept of the monocotyledons, is on a biological toboggan slide 
headed for extinction as a penalty for having entered into partner- 
ship with a fungus? Surely, if number of genera and species, extra- 
ordinary modification of the flower for symbiosis with insects, and 
wide distribution are to be taken as criteria of biological success, 
then the orchids have been successful. I am not prepared to admit 
that orchid-insect symbiosis alone is the fundamental and definitive 
association that has influenced the evolution of the Orchidaceae and 
that orchid-fungus symbiosis is simply the result of combat in which 
orchids have nearly balanced matters and then degenerated. 

In the two species of our native orchids of which abundant proto- 
corm material has been available for investigations (I refer to Good- 
yera pubescens and Spiranthes cernua), I have sought in vain for 
protocorms that were free from endotrophic mycorrhiza. Both of 
these species are prolific in their production of seedlings. In fact I 
have come to the conclusion that Spiranthes cernua is dependent for 
persistence on numerous progeny. I believe it is a short-lived species 
and that its replenishment is accomplished by extraordinary fertility 
and a high degree of success in germination. It is a wide-spread 
species, adapts itself readily to different conditions of soil and climate, 
and crosses freely with Spiranthes gracilis. 

It is assumed that the orchids because of prodigality of seed pro- 
duction are low in organization. Darwin® was puzzled by the vast 
profusion of seeds produced by the orchids, because, as he put it: 
“the production of an almost infinite number of seeds or eggs, is un- 
doubtedly a sign of lowness of organization” and, as he went on to 
say: “that a plant, not being an annual, should escape extinction, 
chiefly by the production of a vast number of seeds or seedlings, shows 
a poverty of contrivances or a want of some fitting protection against 
other dangers.” The profusion of orchid seeds has been very well 


6 The Various Contrivances by which Orchids are Fertilized by Insects 2nd.rev. 277. 
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indicated by Darwin’s observations.’ Heestimated that a ripe capsule 
of Cephalanthera grandiflora yielded 6,020 seeds, of which very few 
were bad. In Orchts maculata he found about the same number of seeds 
and estimated that the combined capsules of a single inflorescence 
would furnish 186,300 seeds, and that, allowing for a certain percen- 
tage of infertile seeds, such an inflorescence, if six inches were alloted 
to each plant produced, had the capacity to populate an acre of land. 
The great grandchildren of this population, if removed from competi- 
tion, he found, would be sufficiently numerous to cover, with a uni- 
form green carpet, the entire surface of the earth throughout the globe. 
The interesting point here, if we accept prodigality of seed yield as 
a sign of low organization, is not what would be the result if Orchis 
maculata enjoyed one hundred per cent fertility and complete capacity 
to germinate, but that the species observed by Darwin are admittedly 
low in the scale of development as we arrange orchids taxonomically, 
and that they are pretty poor in seed yield when compared with some 
of the more highly developed species of the Sarcanthineae, species which 
are admittedly the most highly organized orchids from the point of 
view of botanical classification. In other words it is among the more 
highly developed orchids, taxonomically speaking, that seed yield 
reaches truly extraordinary profusion! Fritz Mueller estimated that 
a single capsule of a Maxillaria species yielded 1,756,440 seeds, and 
yet, Maxillaria is admittedly much higher in the evolutionary scale, 
as botanists estimate development, than either Orchis or Cephalan- 
thera. But why not admit that though a vast expenditure of energy 
in the production of seeds was characteristic of the ancestral orchids 
and indicates that in the dim history of the group a low degree of 
organization was manifested, the orchids are now a highly specialized 
concept, the prodigality of seed yield having been perpetuated, and 
increased in the more highly organized Sarcanthincac, as a necessity, 
because of the peculiarities of the symbiotic relations that sprang into 
existence when an intrusive fungus became a helpful partner in the 
economy of the ancestral orchids? In other words, prodigality of seed 

7In many species of the Orchidaceae the ovules are still rudimentary at the time 
of pollination; the stimulus exercised by the pollen-tube induces further development. 
The stimulus is not necessarily dependent on the fertilizing influence of the pollen- 
tube, as it is brought about when pollen which is without capacity to bring about 


fertilization is applied to the stigma. This peculiarity has a deep significance in 
connection with the present discussion. 
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yield, a million seeds per capsule in some cases, does not indicate a 
low degree of specialization in a group that depends for successful 
germination on a symbiotic fungus. For every dozen seeds that fall 
where endotrophic fungi of the proper type are present, millions must 
drift to sterile ground and suffer extinction. Consequently in over- 
coming any economic disadvantages that high yield of seeds implies 
the orchids through adaptation of seed yield to the exigencies of a 
symbiotic union have manifested a high degree of success, as success is 
measured in the human interpretation of organic development. This 
line of reasoning implies, quite naturally, that orchid-fungus symbio- 
sis is a good thing, that it has been advantageous and admirable. 
It denies that an association such as orchid-fungus symbiosis is indi- 
cative of degeneracy having resulted on the part of the orchid with a 
consequent moribund constitution. Sparse distribution, notwith- 
standing an extravagant production of seed, seems to be an indisput- 
able piece of evidence from which to argue that orchids are in a precar- 
ious biological situation, but sparse distribution need not be taken as 
an indication of impending extinction through an unfortunate luxury- 
symbiosis, if we admit that the orchids are perfectly adapted to sparse 
distribution, even though incapable of taking possession of the earth. 
Harvarp University, Bussty INstiTuTion. 


PLATE 135. 
GooDYERA PUBESCENS R. Br. 
Plant, approximately natural size with flowering and fruiting racemes, 
detached. 
Fig. 1. Flower much enlarged to show the perianth. 
Fig. 2. Flower sectioned to show relation of the labellum and gynostemium 
to the ovary, sepals and petals. 
Fig. 8. Gynostemium drawn to show position of stigma and anther. 
Fig. 4. Pollinia. 
Fig. 5. A pollen tetrad. 
Fig. 6. The mature seed 
Drawings by Blanche Ames. 
PLATE 136. 
GoopYERA PUBESCENS R. Br. 
Fig. 1. Protocorm (X25), showing testa still adherent to the base; spreading 
hair-like structures through which the hyphae pass to and from 


the humus, and the growing tip. The darker portion indicates the 
extent of distribution of the fungus. 
Four stages in the development of young plants (x2). 
The upper portion of a hair-like process through the tip of which two 
fungal hyphae have passed. 
Fig. 4. Part of a hair-like process in which fruit-like structures have formed. 
5. A cell from the lower part of the protocorm showing a large nucleus 
closely appressed to a mass of digested hyphae. 
Vig. 6. An earlier stage of digestion than that shown in fig. 5. The nucleus 
and partly digested fungus are surrounded by a skein of hyphae. 


Figs. 1-3 from drawings by Blanche Ames. Figs. 4-6 from drawings by 
the author. 
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VARIETIES OF GEUM CANADENSE. 


M. L. FERNALD AND C. A. WEATHERBY. 


As anyone who has critically examined any considerable series of 
specimens must be aware, Geum canadense Jacq. is a variable species. 
Rydberg (N. Am. FI. xxii. pt. 5: 403 (1913) ) has segregated two of its 
forms as species; but had he seen material from a wider range his 
conclusions might have been different. Far from being, as he states, 
confined to the prairie region, his G. camporum, or a plant answering in 
all respects to his description, is apparently the commonest form of 
the group as far east as central New York and, beyond that, occurs 
in considerable quantity in northern and eastern Maine, New Bruns- 
wick and Nova Scotia, in eastern Massachusetts and rarely at scat- 
tered stations elsewhere in New England. Two of the characters— 
the shape of the petals and the length of the upper internode of the 
style—which he uses to distinguish G. camporum from G. canadense, 
break down completely: indeed, so far as the latter is concerned, we 
have seen only one specimen, and that referable to what we here call 
var. texanum, in which the upper internode is short enough to fit the 
measurement, “scarcely 1 mm. long,” given by him for G. canadense. 
In all other characters G. camporum and G. canadense pass almost 
imperceptibly into each other: the former can hardly be kept up as a 
species by anyone who accepts the category of variety at all. G. 
Meyerianum Rydb. (G. agrimonioides C. A. Meyer) appears to be only 
an inconstant foliage form, its pinnate lower leaves occurring in indis- 
criminate combination with all other characters in the group, and to 
be unworthy of any recognition. 

As understood by the writers, G. canadense exhibits six recognizable 
trends, which may be distinguished as follows: 


a. Upper internode of the style conspicuously, though sparsely, 
bearded with stiff white hairs; body of the carpel usually 
sparsely appressed-pubescent as well as hispid with long 
setae: outer surface of sepals, petioles and stems with at 
least a few long hairs, or the stems sometimes glabrate. b. 

b. Flowers and fruiting heads with 30-60 carpels; these, 
when mature, with mostly broadly ovate to obovate 
bodies 2.5-3 mm. long: peduncles (except for the glands, 
when present) typically, but by no means always, finely 
puberulent only, or with a few, scattered tong hairs: 
leaves thin in texture; blades of the median cauline leaves 
5-10 em. long, rarely shorter, the terminal segment. 
mostly acute. c. 
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c. Outer surface of sepals and peduncles without glands.. .1. G. canadense 
c. Outer surface of sepals and peduncles more or less dense- 
ly beset with articulate gland-tipped trichomes... ..2. f. glanduloswm 
b. Flowers and fruiting heads mostly with 60-160 carpels; 
leaves of thick texture. d. 
d. Stem low and slender, 3-4.5 dm. high: blades of the med- 
ian leaves 4-5 cm. long, the terminal segment rather 
broadly rhombic-ovate and commonly obtusish: bod- 
ies of the 60-100 carpels broadly ovate, 2-3 mm. long. 3. var. teranum 
d, Stem stout and mostly over 4.5 dm. tall; blades of the 
median cauline leaves 6-12 em. long; the terminal seg- 
ment mostly acute: peduncle typically but by no 
means always, pubescent with comparatively long 
hairs: carpels 60-160; their bodies commonly nar- 
rowly obovate or cuneate, 3-4 mm. long. e. 


e. Outer surface of sepalsand peduncles glandless.. . . .4. var. camporum 
e. Outer surface of sepals and peduncles with gland- 
tipped. articulate itrichomesiass. 4. ae aoe 5. f. adenophorum 


a. Upper internode of the style merely very shortly and incon- 
spicuously hispidulous; body of the carpel hispid above, 
otherwise glabrous; peduncle usually with gland-tipped 
trichomes; outer surface of sepals, petioles and stem mere- 
ly puberulent or the stem sometimes glabrate.......... 6. var. Grimesii 


1. GEUM CANADENSE Jacq. Hort. Vind. ii. 82 (1773). G. album J. F. 
Gmel. Syst. Nat. ii. 861 (1791). G. agrimoniordes C. A. Meyer, Ind. Sem. 
Hort. Petrop. xi. suppl. 29 (1846), not Pursh. G. Meyerianum Rydb. N. 
Am. FI. xxii. pt. 5: 403 (1913).— Rich woods, wood-margins and 
thickets, New Brunswick to West Virginia, westward to Illinois and 
Minnesota. The following specimens, mostly fruiting, may be cited 
as representative. Nova Scotta: Five-mile River, Hants Co., July 
19, 1920, Pease & Long, no. 21,514. Martner: Woodstock, Aug. 12, 
1890, Parlin. New Hampsurre: Alstead, July 28, 1899, Fernald, no. 
99. VERMONT: Salisbury, July 14, 1908, E. F. Williams. Massacnu- 
seTTs: Huntington, Aug. 17-21, 1912, B. L. Robinson, nos. 716, 
749. Connecticut: Trumbull, July 18, 1892, E. H. Eames. New 
York: Fall Creek, Ithaca, Aug. 26, 1916, A. J. Hames, no. 6704. 
PENNSYLVANIA: On the Conestoga, Lancaster Co., Sept. 3, 1892, Heller. 
Vireinta: Middle Holston Valley, Smyth Co., July 4, 1892, Small. 
Wisconsin: Lapham. MINNEsoTA: Spring Grove, June 30, 1902, 
Rosendahl, no. 652. 

2. Forma glandulosum, n. f., sepalis extus et pedunculis puberulis et 
trichomatibus articulatis glanduliferis plus minusve dense obsitis. 
—QUEBEC: woods, East Bolton, Brome Co., June 28, 1909, Pease, 
no. 11,980; vicinity of Montmorency Falls, July 5, 1905, John Macoun, 
no. 67,145a, TyPE in hb. Gray. Marne: moist thicket, Vassalboro, 
July 3, 1902, EH. B. Chamberlain; Molly Ockett Mt., Woodstock, 
Aug. 12, 1890, Parlin; Farmington, June, 1892, C. H. Knowlton. 
New Hanmpsuire: shaded roadside in village, Colebrook, July 18, 
1917, Fernald & Pease, no. 16,601; roadside thicket, Randolph, July 
12, 1916, Pease, no. 16,719; Hanover, July 6, 1910, FE. F. Williams. 
Vermont: Manchester, June 25, 1898, M. A. Day, no. 380. 


! But never hirsute as in G. virginianum. 
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3. Var. texanum, n. var., planta humilis gracilisque; caulibus 3-4.5 
dm. altis, plus minusve villosis vel glabratis; foliorum caulinorum 
medianorum laminis 4-5 em. longis, segmento terminali rhombicali- 
ovato plerumque obtusisculo; sepalis extus et puberulis et sparse villos- 
is pilis longis; carpellis 60-100, 2-3 mm. longis (stylo excluso), hispidis 
et pubescentibus pilis brevibus subappressis.--LOUISIANA: vicinity 
of Alexandria, June 8, 1899, C. C. Bull, no. 595. OKLAHOMA: in woods 
near Idabel, McCurtain Co., May 20, 1916, H. M. Houghton, no. 
3686. TExas: moist soil, Onion Creek near Austin, May 17, 1918, 
M. S. Young, no. 161, Typrk in hb. Gray; Houston, April, 1840, 
Lindheimer. 

4. Var. camporum (Rydb.), n. comb. G. camporum Rydb. N. Am. 
Fl. xxii. pt. 5: 403 (1913).—Fields, meadows, roadsides and waste 
places, or, in the West, more often in woods: New Brunswick, Nova 
Scotia, -eastern and northern Maine, eastern Massachusetts and 
rarely elsewhere in New England; central New York to western 
North Carolina and Alabama, west to North Dakota and Oklahoma. 
The following specimens, mostly fruiting, may be cited as represen- 
tative. Nova Scotia: Port Mouton, Queens Co., Aug. 18, 1920, 
Bissell & Graves, no. 21,516; Weymouth, Digby Co., Aug. 21, 1920, 
Fernald et ai., no. 21,517. Massacuusetts: Brewster, Barnstable Co., 
Sept. 7, 1918, Fernald & Long, no. 16,879. New York: East Utica, 
July, 1899, Haberer, no. 1814. Norra Carona: Biltmore, July 
7 and Aug. 9, 1897, Biltmore Herb, no. 457a. ALABAMA: Lomax, June 
18, 1898, Earle & Baker. Missouri: Jackson Co., July 11, 1893, 
Bush no. 92; southeast of Pacific, Aug. 9, 1910, Sherff, no. 899. Ox- 
LAHOMA: near Guthrie, Logan Co., June 14, 1914, G. W. Stevens, no. 
3285; near Alva, Woods Co., July 11, 1918, Stevens, no. 1678. 

5. Var. cAMPORUM, forma adenophorum, n. f., a praecedente differt 
sepalis extus sparse glandulosis, pedunculis pubescentibus trichomat- 
ibus articulatis glanduliferis plus mimusve dense obsitis.— Massa- 
CHUSETTS: border of woods, Sherborn, July 8, 1911, M. L. Loomis, 
no. 207. Micwican: edge of hardwood, Turin, Marquette Co., 
July 8, 1901, Bronson Barlow. I.urnots: rich woods, Peoria, July, 
1904, F. E. McDonald, ryPx in hb. Gray; Ottawa, J. W. Hurtt. 

6. Var. Grimesii, n. var., caule petiolisque puberulis vel glabratis; 
foliis crassiusculis; pedunculis plerumque trichomatibus articulatis 
glandulosis obsitis; sepalis extus puberulis, sine pilis longis; stylorum 
internodiis superioribus inconspicue et brevissime hispidulis; carpel- 
lis 75-120, 3-4 mm. longis (stylo excluso) ad rostri basin sparse hispid- 
is sine pubescentia adpressa.— PENNSYLVANIA: Chester Co., 1858- 
1864, S. P. Sharples. District or CoLuMBIA: moist grassy places, 
Washington, June 18, 1896, H. S. Steele. Vireinta: Belfield, Green ville 
Co., June 19, 1893, Heller, no. 1004; rich wooded flood-plain near Will- 
iamsburg, May 23, 1921, Grimes no. 3605, TYPE in hb. Gray; wooded 
flood-plain, Williamsburg, May 17, 1921, Grimes, no: 3583. Norri 
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Caroutna: Asheville, “June”, W. W. Ashe. Inptana: flat woods 
along Muscatatuck River near Weston, Jennings Co., July 14, 1919, 
Deam, no. 28,085 (two sheets); flat woods of the Hennesley bottoms 
near Huntingsburg, Dubois Co., July 18, 1919, Deam, no. 28,321 
(two sheets). 

As already noted in the key, one of the distinguishing points of 


var. texanum is its tendency to obtuse leaf-segments. In the other 
three varieties also there is discernible, in addition to the characters 
above stated, a somewhat vague and far from constant tendency to 
develop distinctive types of foliage. In var. camporum the leaves 
are not only of heavier texture than in the typical form, but their 
segments tend to be broader. In var. Grimesii this tendency is carried 
so far that, in the majority of specimens seen, the upper stem-leaves 
are neither three-parted nor, as often in the other varieties, reduced 
to merely dentate ovate-lanceolate or ovate-rhombic blades distinct- 
ly longer than broad; they are nearly or quite as broad as long and 
shallowly three- to several-lobed, in the. most extreme form closely 
simulating leaves of Crataegus rotundifolia. And the segments of all 
the leaves tend to be broader even than in var. camporum. Forma 
glandulosum and f. adenophorum difter from the typical form and from 
var. camporum respectively only in the presence of gland-tipped tri- 
chomes. Plants with the lower leaves pinnate (G. Meyerianum) occur 
in the typical form and in vars. camporum and Grimesiz. The original 
G. agrimonioides C. A. Meyer, on which G. Meyerianum Rydb. is 
based, appears from the description to belong with typical G. cana- 
dense. 
Gray HERBARIUM. 


ECOLOGICAL POLYMORPHISM IN ENTEROMORPHA 
CRINITA’ 


By A. Brooker KuiuaGu. 


Tue term polymorphism has been used in various senses by differ- 
ent writers. By some it is evidently regarded as synonymous with 
mutation, while others use it merely as an equivalent for great vari- 
ability. The concept of polymorphism, as held by the majority of 


‘Read before the Ecological Society of America., at the Toronto Meeting of the 
A. A, A. 8., December 29th, 1921. 
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those who have dealt with the subject, may be defined as the ability 
of an organism to exist in two or more different forms and to repro- 
duce in each of these states, such states not being phases of the ordi- 
nary life-history of the species, and this is the sense in which the term 
is used here. 

Very wide polymorphism transcending the limits not only of 
species and genera but of orders, classes and phyla has been proclaimed 
by some writers. Thus Metcalf Johnson (’71) maintained that a 
Paramoecium could give rise to a Vorticella and this to an entomostra- 
can, and a Monas to a Chlorococcum and this in turn to an Oscillatoria, 
a moss or a lichen. Such ideas hardly call for comment nowadays. 

The idea of polymorphism in the algae was first put forward by 
C. A. Agardh in 1829, and Kiitzing (’40), Borzi (83) and especially 
Hansgirg (’85) claimed that most of the Cyanophyceae and Chloro- 
phyceae were polymorphic and that the simpler forms of these 
groups were only developmental stages of higher forms. These as- 
sertions were based on insufficient data and subsequent experimental 
work has shown that they were far too sweeping, so that the tendency 
among modern authorities, for example Klebs (’96), Chodat (’09) and 
West (’16) is to relegate polymorphism to a very minor position in algo- 
logical considerations. Nevertheless, while the algae as a class may 
not exhibit any greater tendency towards polymorphism than some 
other groups of organisms, there are many well-substantiated cases 
of polymorphism in this class as is shown by the work of Goroschan- 
kin (791) on Chlamydomonas, Cienkowski (’76) and Livingston (’00) 
on Stigeoclonium, Gay (’91) on Ulothriz, Chodat and Makinesco (’93) 
on Scenedesmus acutus, Huber (’94) on Chaetonema irregulare, Senn 
(799) on Coelastrum microporum, Chodat (’09) on Heterococcus viridis 
and Rayss (715) on Coelastrum proboscideum. 

While we cannot enter here into a discussion of polymorphism in 
other groups of organisms it is of interest to notice that its occur- 
rence in bacteria is shown by many workers (See Hiss and Zinnser, 
’16 and Reed, ’22), in Amoeba by Hausman (’20), in the rotifer Brach- 
tonus by Whitney (716), in Gastropoda by various investigators, in 
Daphnia by Stingeln (97), in Hyalodaphnia by Zacharias (’03), in 
the scale-insect Leucanium by Marchal (’08), in the moth Porthretria 
by Pictet (’05), in trout and sticklebacks by Jordan, and in sala- 
manders by several workers. 
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In the summer of 1918, while I was a member of the party engaged 
in a survey of Miramichi Bay and the Miramichi River, New Bruns- 
wick, under the auspices of the Biological Board of Canada, I had an 
opportunity to make an ecological study of the algae of this region. 
The survey covered the bay and the river as far as the head of the tide 
on the Nor-west Branch of the Miramichi and data on the tempera- 
ture and salinity of the water were secured at numerous stations 
throughout this range, the observations being made weekly during 
June, July, August, September and early October at some stations 
and fortnightly at the stations furthest up the river. For copies of 
the records of salinity and temperature thus obtained I am indebted 
to Dr. A. G. Hunstman, Director of the Atlantic Biological Station 
and chief of the party on the Miramichi. 

One of the most abundant algae of this estuary is Enteromorpha 
crinita. This species in its typical form is a branched tubular green 
alga with short monosiphonous tips at the end of the branches. A 
study of this species soon revealed the fact that it varied greatly in 
form in different parts of the estuary and further investigation showed 
that this variation was correlated with the salinity of the water. 

At Station 76 in Miramichi Bay the salinity at the surface varied 
from 7.38 to 24.40 per mille, giving an average of 19.12 per mille, and 
at 12 metres the range of salinity was from 19.58 to 27.36, averaging 
24.64. Since the specimens of Enteromorpha crinita examined were 
growing in the littoral zone and were in surface water when the tide 
was nearly low, and in deeper water when the tide was at full flood 
we can take-a single salinity—arrived at by adding together the aver- 
age surface salinity and the average salinity at 12 m and taking the 
mean, which in this case is 21.88—as representing the salinity of this 
habitat. At this station the plants were much-branched and had 
short monosiphonous tips. 


At Station 81, at the mouth of the river, the salinity data was as 
follows: 
Surface 1.41-19.33. Average 10.08. 
At 12 m. 16.04-22.77. Average 21.34. 
Average salinity 15.71. 
Here the plants were similar in form to those of Station 76. 
At Station 82, some three miles up from the mouth of the river, the 
data was as follows: 
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Surface. 0.07-14.76. Av. 5.65. 
At 11 m. 7.16-20.93. Av. 12.75. 
Average salinity 9.18. 

At this station E. crinita had long monisophonous tips. 

The data for Station 94, some ten miles from the mouth of the river, 
was: 
Surface. 0.04-3.37. Av. 2.13. 

At 12 m. 0.07.-17.45. Av. 4.46. 
Average salinity 3.30. 

Here the alga was not as profusely branched as at the preceding 

stations and the monosiphonous tips were very long. 


At Station 96, some twenty miles from the mouth of the river, 

and near the head of the tide, the data was as follows: 
Surface. 0.0-0.42. Av. 0.08. 
At 6 m. 0.0-8.35. Av. 1.67. 
Average salinity 0.87. 

At this station Lnteromorpha crinita existed in a form which bore 
very little resemblance to typical examples of this species and which 
would not have been recognized as this species but for two facts 
—Firstly, the examination of material from numerous parts of the 
estuary having revealed the gradual lessening of the tubular branched 
condition and the gradual increase in length of the monosiphonous 
tips, and secondly, the finding of young plants of this species in a 
monosiphonous condition at other stations. In the monosiphonous 
state this species has the appearance of one of the Ulotricaceae rather 
than of the Ulvaceae. 

That salinity and not temperature is the causative factor of this 
polymorphism is shown by an examination of the water temperature 
data, the mean of the average surface and deep temperatures for the 
above stations being: 

Station 76—14.4° C. 
Station 81—16.0° C. 
Station 82—17.2° C. 
Station 94—17.2° C. 
Station 96—16.6° C. 

Thus the temperatures for one of the stations at which FE. crinita 
existed in its typical form was almost the same as at the station where 
it was monosiphonous, while it was in its intermediate phase at the 
stations with the highest temperatures. 
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THE GENERIC NAME PHRAGMITES. 
M. L. FERNALD. 


In recent years there has been so strong a tendency to overthrow 
the long familiar name Phragmites for the reed, in favor of Trichoon, 
that it seems important to point out the claims of the former. The 
error of taking Trichoon Roth! (1798) instead of Phragmites has arisen 
through starting the latter name from the publication by Trinius? 
in 1820. Thus, when Trichoon was brought to the front by Rendle’, 
he took it up because it antedated Phragmites Trin. Similarly Schinz 
& Kellert and Schinz & Thellung®, in 1909, retained Trichoon as 
antedating Phragmitcs Trin. But it is important to note that, al- 
though in 1899 Rendle dated Phragmites from the publication by 
Trinius in 1820, in 1907 he® again took up Phragmites as dating from 
Adanson’ (1763); and, more recently, Hitchcock® has discussed the 
status of the name, although part of his discussion is unconvincing. 

Adanson’s publication was characteristically abbreviated: Phragmi- 
tes was included in his 3d Section of the Grasses, in which “Tous ont 
plusieurs fleurs hermaphrodites, rassemblées en forme d’épi dans un 
calice commun, qui n’a que 2 bales” (p. 33); and in the “Table” 
(p. 559) he supplies the following information: 


PHRAGMITES. Dvosk. 


Sacearon. Plin? 
Saccharum. C. B? 
Arundo. Scheuz. 151. 
Sucrier. Gall. 

Cane a sucre. Gall. 


1 Roth, Archiv. Bot. Roemer, i. pt. 3:37 (1798). 

2 Trin. Fund. Agrost. 134 (1820). 

3 Rendle, Cat. Afr. Pl. Welw. ii. pt. 1: 218 (1899). 

4Schinz & Keller, Fl. der Schweiz, Aufl. 3, i. 646 (1909). 

5 Schinz & Thellung, Vierteljabrsschr. Naturf. Ges. Zurich, liii. Heft iv. 587 (1909) 
6 Britten & Rendle, List Brit. Seed-Pl. and Ferns, 35 (1907). 

7 Adans. Fam. Pl. ii. 34, 559 (1763). 

8 Hitche. Genera Grasses U. S.—U. S. Dept. Agric. Bull. no. 772: 64 (1920). 
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From this it should be clear that Adanson supposed his genus to 
have started with Dioscorides, the identity of whose plant the present 
writer does not attempt to make out, that he thought it might be 
Saccaron of Pliny and Saccharum of Gaspard Bauhin, though of these 
identities he was in doubt; that Phragmites was based actually upon 
Arundo of Scheuchzer’s Agrostographia, 161 (1719) and that the col- 
loquial French names! (of Saccaron and Saccharum, only doubt- 
fully referred by Adanson to his Phragmites) are Sucrier and Cane @ 
sucre. That Arundo vulgaris, sive phragmites Dioscoridis of Scheuch- 
zer was the common reed, Arundo phragmites L. Sp. Pl. i. 81 (1753) 
is clear, not only from Scheuchzer’s diagnostic “Folliculis quinis aut 
senis, in calyce? biglumi’”’ and his characteristic figure (t. 3, fig. 14D) 
but since it was made the basis of the name Arundo phragmites by 
Linnaeus. The familiar name Phragmites Adans. (1763) is thus, for- 
tunately, to be retained instead of Trichoon Roth (1798). 
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1It is almost inconceivable that Hitchcock should have stated, that ‘‘ Adanson 
cites besides [Arundo Scheuz.] four other pre-Lionaean references, two of them 
queried. The other two [Sucrier and Cane a sucre] . . . are to be excluded 
because the few generic characters given, especially that the spikelets have several 
perfect flowers, do not at all apply to them, but do apply to Arundo phragmites.’ 
Where were the ‘‘other two pre-Linnaean”’ generic names, Sucrier and Cane a sucre, 
published in such a definite way as to justify the assertion of a nomenclatorial spec- 
ialist, that Adanson’s ‘‘few generic characters given . . . do not at all apply to 
them’’? These, of course, were used by Adanson merely as the colloquial French 
names just as, in the same column, he gavethe French Fréne for Fraxinus and Fraisver 
for Fragaria. 


2In the original ‘‘calylyce’’ by obvious misprint. 


The date of the February issue (unpublished as this goes to press) will be 
announced later. 
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DUPLICATE BOOKS FOR SALE. 


Barton, W. P. C. A flora of North America. 
Illustrated by coloured figures, drawn from 
nature. 3 vols. Philad. 1821-1823. 4° 

Very rare. Plates engraved and hand colored. 

Sweet, R. Cistineae. Nat. Ord. of Rock-rose. 
Contains 112 beautiful hand-colored plates with 
descriptive text. London, 1825-30. 8° Rare.. $15.00 


Sullivant, W. S. Icones Muscorum, 8vo., illus- 
trated by numerous copper plates of high ex- 
cellence (unbound and in sheets). Here offered 
at a greatly reduced price 
Supplement to the preceding (also in sheets) . 
Icones and Supplement together 


Watson, S. Bibliographical Index to N. A. Botany. 
Part 1 (all published). Washington. 1878. 8° $1.25 
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INDICATORS FOR DETERMINING REACTIONS OF SOILS 


As used by Dr. EpGar T. WHERRY in the studies described on page 35 
of the March issue of 1920. | A set of six indicators, made up ready for 
use, in box suitable for carrying into the field. Accompanied by in- 
structions for using them. Price $2.85. For saleby: LAMortTE Cuemt- 
CAL Propucts Co., 13 W. Saratoga St., Baltimore, Md. 
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